Introduction {#s1}
============

COPD exacerbations resulting in hospital admissions contribute to a significant clinical and economic burden worldwide \[[@C1]\]. COPD readmission may be defined as either rehospitalisation exclusively for acute exacerbation of COPD (AECOPD) or secondary to any cause. There is a lack of consensus when defining readmission time intervals, which may range from 30 days to 2 years \[[@C2]\]. Severe COPD exacerbations resulting in hospitalisation can be up to 60 times more expensive than mild or moderate exacerbations managed by primary care services \[[@C3]\]. In the United States, acute exacerbations of COPD leading to hospitalisations account for \$13.2 billion of the nearly \$50 billion annual direct costs for COPD \[[@C2]\].

A nationwide study in the US showed that 30-day readmission rate for COPD patients was 22.6% \[[@C4]\]. Similarly, in the United Kingdom approximately a quarter (24%) of patients with COPD exacerbations were readmitted at least once within 30 days of discharge, while the 90-day readmission rate was reported to be as high as 43%, a substantial increase from 33% in 2008 \[[@C5]\]. In comparison, the European COPD audit involving \>400 hospitals reported a 90-day readmission rate of 35.1% \[[@C6]\].

Previous hospitalisation for AECOPD is a strong predictor for future readmission \[[@C7], [@C8]\] with the frequency of rehospitalisation closely linked to the number of admissions in the previous year \[[@C9]\]. Predictably, frequent COPD exacerbations requiring hospital admission are associated with higher mortality \[[@C10]\]. Although COPD was identified as the leading cause, other reasons for hospital readmissions have been described, as shown in [table 1](#TB1){ref-type="table"} \[[@C11]\].

###### 

10 leading reasons for COPD readmissions following index COPD admission \[11\]

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  COPDRespiratory failurePneumoniaCongestive heart failureAsthmaSepticaemiaCardiac dysrhythmiasFluid and electrolyte disordersIntestinal infectionNonspecific chest pain
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------

COPD readmission is avoidable and therefore readmission rates are routinely used to assess the quality of care provided. This has led to the introduction of national incentive and penalty programmes such as the Hospital Readmissions Reduction Program (HRRP) in the US, which reduces payments to hospitals with excess readmissions \[[@C2]\]. In this context, predicting which patients are at risk of readmission and targeting potential interventions to prevent and reduce readmission are necessary not only to limit the adverse effects on patient outcomes, but also to alleviate their burden on healthcare costs and resources.

Risk factors for readmissions {#s2}
=============================

Comorbidities {#s2a}
-------------

The majority of patients with COPD have at least one coexisting medical condition \[[@C12]\]. A meta-analysis reported that comorbidities were significantly higher in patients with COPD compared to non-COPD controls, and the number of comorbidities increases with age \[[@C13]\]. The prevalence of comorbid conditions was shown to predict both symptom severity and the number of COPD exacerbations \[[@C14]\].

Comorbidities including congestive heart failure, lung cancer, anxiety, obesity, depression, osteoporosis, chronic kidney disease, diabetes mellitus, hypertension and obstructive sleep apnoea were related to higher rates of readmission \[[@C15], [@C16]\].

Interestingly, patients with COPD with coexisting congestive heart failure and osteoporosis were found to have the greatest risk of readmission compared to other combinations of comorbidities, suggesting a differential role of concomitant comorbidities \[[@C16]\]. Furthermore, the number of comorbidities was shown to be related to a stepwise increase in the rate of readmissions \[[@C16], [@C17]\]. It was suggested that the risk of readmission increased by 47% by every single unit of increase in comorbidities \[[@C17]\].

Anxiety and depression frequently coexist and are highly prevalent among patients with COPD, although commonly unrecognised and undertreated \[[@C9], [@C18], [@C19]\]. Depression was associated with increased risk of both short-term (30-day and 90-day) and 1-year readmission \[[@C18]\], while anxiety was independently associated with very frequent readmissions \[[@C9]\]. Despite the high frequency of coexisting depression, at present there is insufficient evidence to ascertain the efficacy of antidepressants in reducing readmission rates \[[@C20]\].

Future treatment strategies should include the focus of addressing comorbid conditions given their prevalence, complexity and potential impact on hospital readmissions. It is likely that only a holistic approach that considers the breadth of multimorbidity will significantly impact on the rate and burden of readmission.

Physical activity, frailty and sarcopenia {#s2b}
-----------------------------------------

Patients with COPD who reported higher levels of usual physical activity had a significantly lower risk of readmission to hospital \[[@C21]\]. In another study, patients who were non-ambulatory within 24 h of discharge were twice as likely to be readmitted to hospital within 30 days compared to patients who were mobile \[[@C22]\]. Low levels of physical activity were evident during and after hospitalisation for AECOPD, which may result from multiple causes \[[@C23]\]. A slower recovery rate in physical activity was demonstrated even up to 1 year following the index admission \[[@C23]\]. As expected, the readmission rate was higher in patients with lower physical activity at 1 month after hospital discharge \[[@C23]\].

Frailty is a multidimensional syndrome reflecting diminished physiological reserves increasing the risk of adverse outcomes in patients, including those with COPD \[[@C24]\]. Frailty is defined by the Fried phenotype model based on the presence of three or more of the following criteria: unintentional weight loss (10 lbs in the past year), self-reported exhaustion, weakness (grip strength), slow walking speed and low physical activity \[[@C25]\].

The 4-m gait speed (4MGS), a surrogate marker of physical activity and frailty, can independently predict the risk of COPD readmissions, where slower measurements were associated with significantly higher all-cause readmissions at 90 days and shorter time to readmission \[[@C26]\]. The Reported Edmonton Frail Scale (REFS) assessing multidimensional frailty may be useful to stratify patients with AECOPD who are at risk of readmission \[[@C27]\]. In this study, hospital readmission was five times higher in patients with severe frailty (highest REFS scores) compared to non-frail patients (lowest REFS scores).

Future readmissions may be predicted by assessing acutely unwell patients hospitalised with COPD exacerbations for skeletal muscle dysfunction indicated by smaller quadriceps muscle mass (measured using ultrasound) \[[@C28]\]. Targeting this vulnerable subgroup of patients for risk stratification may improve outcomes through personalised disease management.

Lung function {#s2c}
-------------

Disease severity in COPD is routinely assessed using the Global Initiative for Chronic Obstructive Lung Disease (GOLD) staging criteria, which takes into account the degree of airflow limitation (forced expiratory volume in 1 s (FEV~1~)), symptoms and history of exacerbations \[[@C29]\]. The number of hospitalisations per year was positively correlated to the severity of COPD using the GOLD classification \[[@C30]\] with \>85% of admissions having GOLD stage 3 or 4 disease \[[@C17]\]. In addition, lower oxygen tension appears to be an independent risk factor for COPD readmission in patients with low percentage predicted FEV~1~ \[[@C21]\]. While this approach has some validity (FEV~1~ has been significantly associated with readmissions in various studies \[[@C21], [@C31], [@C32]\] and frequent rehospitalisation was very common among patients with severe dyspnoea \[[@C33]\]), it has limited predictive value due to inconsistency of study findings.

These measures of COPD severity may be surrogate measures of the poor functional status and frailty of these patients rather than independent factors. This is an important distinction, as it may be feasible to improve functional capacity through exercise and nutritional interventions and thus reduce risk of readmission without affecting FEV~1~.

Nutritional status and body mass index {#s2d}
--------------------------------------

Malnutrition (International Classification of Disease-9 Clinical Modification codes 260, 261, 262, 263.0, 263.1 263.9) was associated with a higher risk of 30-day readmission, whereas obesity was found to be a protective factor \[[@C34]\]. Low body mass index (BMI) and weight loss during hospitalisation for AECOPD was associated with earlier readmission \[[@C35]\]. This was also observed in another study where high BMI was associated with lower risk of first AECOPD admission and subsequent readmission, again supporting the "obesity paradox" \[[@C36]\]. Patients hospitalised for COPD exacerbations often have dysregulated energy balance secondary to reduced dietary intake and increased resting energy expenditure which, if left uncontrolled, may lead to further metabolic derangements, weight loss and heightened systemic inflammation \[[@C37]\].

Social factors {#s2e}
--------------

A meta-analysis demonstrated significant inverse correlations between socioeconomic status and COPD outcomes including secondary healthcare utilisation \[[@C38]\]. Other studies revealed that patients residing in the lowest income areas and home healthcare discharges were more likely to be readmitted to hospital \[[@C15], [@C34]\]. In addition, marital status was linked to readmission rates, highlighting the potential influence of social connection and domestic support on recurrent hospitalisations \[[@C17]\]. Individuals who were single had a 18% higher readmission rate compared to patients with a supporting partner \[[@C17]\]. K[eating]{.smallcaps} *et al*. \[[@C39]\] reported that difficulties with transportation, including inability to travel independently led to patients failing to attend or complete pulmonary rehabilitation, which may impact disease management. These studies suggest that social isolation has significant adverse effects on the ability of patients to manage their disease; social interventions which are now advocated in primary care may have an impact in this vulnerable patient population.

Hypercapnic respiratory failure {#s2f}
-------------------------------

Up to a quarter of COPD exacerbations are complicated by acute hypercapnic respiratory failure (AHRF) \[[@C5], [@C40]\]. Patients with AHRF treated with noninvasive ventilation (NIV) have a high risk of readmission within 12 months of hospital discharge \[[@C41]\]. Up to 80% of patients were readmitted with respiratory diagnoses and nearly half of discharged patients died within 1 year \[[@C41]\]. Although NIV is well established as the gold-standard treatment for AHRF in COPD exacerbations, treatment failure leading to invasive ventilation or death has been reported to be as high as 20--30% \[[@C42]\]. Once initiated, directly discontinuing NIV upon resolution of respiratory acidosis has been demonstrated to be no less inferior in relapse \[[@C43], [@C44]\] and 6-month readmission rates \[[@C44]\] compared to the conventional approach of stepwise withdrawal.

Biological mechanisms and biomarkers {#s2g}
------------------------------------

Early recognition of exacerbation symptoms and prompt treatment was associated with faster recovery and fewer hospitalisations \[[@C45]\]. Frequent exacerbations are associated with increased number of hospital admissions and longer inpatient stay \[[@C46]\]. Further understanding of disease processes driving frequent exacerbations is needed to address the enigma of repeated hospitalisations.

H[urst]{.smallcaps} *et al.* \[[@C47]\] demonstrated that a history of exacerbations was the most important determinant of frequent exacerbations in all GOLD stages of disease severity \[[@C47]\]. A distinct subgroup of patients who were particularly prone to frequent exacerbations independent of disease severity was described, which may be targeted for specific interventions to prevent both hospital admissions and readmissions. Beyond history the question remains whether there are other markers of future exacerbation and hence readmission risk.

P[erera]{.smallcaps} *et al*. \[[@C48]\] showed that higher serum CRP concentration 14 days after an index exacerbation was associated with recurrent exacerbations within 50 days. In another study, high C-reactive protein (CRP) levels in patients with peripheral blood eosinophils ≤2% were associated with increased risk of hospital readmission \[[@C49]\]. In a subgroup of hospitalised COPD patients with elevated CRP, the rate of subsequent hospital readmission was reduced following treatment with low-dose azithromycin over 3 months \[[@C50]\]. Measuring the systemic inflammatory response by utilising CRP concentration may be a useful marker to predict the outcome of COPD exacerbations and allow the identification of patients at risk of recurrent exacerbations for specific treatment and follow-up. However, this approach requires careful consideration of other mechanisms, including comorbidities, contributing to elevated CRP in COPD patients. In addition, future translational research will need to focus on accurately defining the threshold of CRP as a sensitive biomarker for readmission.

Respiratory viruses including influenza, human rhinovirus and respiratory syncytial virus frequently precipitate COPD exacerbations. Interestingly, only coryzal symptoms were found to be significantly associated with recurrent exacerbations when compared to other exacerbation symptoms \[[@C48]\]. An epidemiological study concluded that frequent exacerbators were more likely to acquire the common cold compared to COPD patients with infrequent exacerbations, further strengthening the association between viral respiratory infections and recurrent airway exacerbations \[[@C51]\]. Furthermore, viral infections may lead to changes in the lung microbiota and alterations in host immune responses, thereby increasing susceptibility to bacterial infections \[[@C52]\]. Co-infection with viruses and bacteria was associated with a higher risk of hospital readmission at 60 days compared to bacterial or viral infection alone \[[@C53]\]. Influenza vaccination, despite being advocated internationally and attaining high levels of seroprotection in COPD patients (thereby reducing their risk of exacerbations and hospitalisations) was associated with inconsistent rates of uptake worldwide \[[@C54]\]. Interferon (IFN)-β, a vital immune regulator, appears to be promising in modulating viral infections by reducing the percentage of nucleoprotein 1 positive cells when administered prophylactically \[[@C55]\]. As an emerging treatment, inhaled IFN-β may potentially lessen secondary healthcare burden, especially during viral seasons where effective antiviral agents are lacking.

Bacterial colonisation of the lower airways is a common finding in clinically stable patients with COPD \[[@C56]\] and is associated with higher exacerbation frequency \[[@C57]\]. The stability of the lung microbiome in COPD was described by modelling longitudinal exacerbations as a Markov chain \[[@C58]\]. We showed that frequent exacerbators had higher microbiome variability, while non-typeable *Haemophilus influenzae* (NTHI)-positive bacterial exacerbations were most likely to repeat a subsequent NTHI-positive exacerbation \[[@C58]\]. The presence of airway bacterial dysbiosis appears clinically relevant in the context of exacerbation recovery, highlighting a need for further research to investigate biological mechanisms and potential treatment strategies, including the suppression of NTHI carriage in COPD.

IgG deficiency has been implicated in recurrent respiratory infections \[[@C59], [@C60]\] and can affect one in five patients with COPD \[[@C61]\]. This subgroup of patients is therefore more vulnerable to frequent exacerbations \[[@C61]\] and serum total IgG level \<7.0 g·L^−1^ measured during admission for AECOPD was associated with 41% increased risk of rehospitalisation \[[@C62]\]. More importantly, this highly susceptible patient population may potentially benefit from IgG replacement therapy if benefits are derived from controlled clinical trials.

Activated eosinophils found in induced sputum and lung samples were significantly higher in patients with COPD than in healthy controls, suggesting a role of eosinophilic inflammation in COPD \[[@C63]\]. Increased eosinophil count on admission can predict a more than threefold increase in 12-month readmission for COPD and a shorter time to first COPD-related readmission \[[@C64]\]. These findings were echoed by another study in which blood eosinophilia was associated with worse COPD readmission outcomes \[[@C65]\]. Various studies have demonstrated that higher eosinophil levels in COPD have a greater corticosteroid response leading to reduced exacerbation frequency, which may allow targeted treatment in this phenotypic group \[[@C66], [@C67]\].

Predictive models of readmission {#s3}
================================

Predictive models of readmission can assist clinicians in developing treatment strategies specifically targeting those at high risk of hospitalisation and readmissions. Some of the earlier COPD-specific predictive models including ADO (age, dyspnoea, airflow obstruction), BODEX (BMI, airflow obstruction, dyspnoea, exacerbation) and DOSE (dyspnoea, obstruction, smoking, exacerbation) ([table 2](#TB2){ref-type="table"}) were only able to provide modest prediction for hospital readmissions, as all these scores were originally developed to predict mortality \[[@C72]\]. The LACE (length of hospital stay, acuity of admission, comorbidities, emergency department use) index is a generic predictive tool for readmissions with suboptimal discriminative ability to predict 30-day readmission following hospitalisation for COPD exacerbation \[[@C73]\], highlighting the potential influence of population and disease heterogeneity and the need to move away from a one-size-fits-all approach.

###### 

Components of various predictive models \[68--71\]

  **ADO**                                                             **BODEX**                                                                   **DOSE**                                                                      **LACE**
  ------------------------------------- --------------------------------------------------------------------- -------------------------------------------------------------------------------- ---------------------------------------------------------------------------
  FEV~1~ % predmMRC dyspnoea scaleAge    FEV~1~ % predNumber of exacerbations per yearmMRC dyspnoea scaleBMI   mMRC dyspnoea scaleFEV~1~ % predSmoking statusNumber of exacerbations per year   Length of stayAcuity of admissionComorbiditiesEmergency department visits

ADO: age, dyspnoea, airflow obstruction; BODEX: body mass index (BMI), airflow obstruction, dyspnoea, exacerbation; DOSE: dyspnoea, obstruction, smoking, exacerbation; LACE: length of hospital stay, acuity of admission, comorbidities, emergency department use; FEV~1~: forced expiratory volume in 1 s; % pred: % predicted; mMRC: modified Medical Research Council.

The PEARL (previous admissions, extended Medical Research Council dyspnoea score, age, right-sided heart failure, left-sided heart failure) score was first developed and validated in the UK to accurately stratify patients' risk of readmission and death \[[@C72]\]. The PEARL prognostic score covers five indices \[[@C72]\] ([table 3](#TB3){ref-type="table"}); patients are categorised according to low risk (0--1), intermediate risk (2--4) and high risk (5--9) of readmission or death within 90 days. PEARL was shown to be easily applied at the bedside and although its c-statistic was only ∼0.7, this was superior to other pre-existing predictive models including ADO, BODEX, CODEX (comorbidity, obstruction, dyspnoea, previous severe exacerbations), DOSE and LACE \[[@C72]\]. The development of novel computed tomography imaging techniques can improve the detection and measurement of key morphological features in COPD, including functional gas trapping and bronchial wall thickening, which are needed to better stratify disease phenotypes and may be utilised to enhance multidimensional prognostic tools when combined with clinical and spirometric parameters \[[@C74]\].

###### 

PEARL (previous admissions, extended Medical Research Council (eMRC) dyspnoea score, age, right-sided heart failure, left-sided heart failure) indices and weighting \[68\]

                                      **Weighting**
  ---------------------------------- ---------------
  **Previous admissions (**≥**2)**          3
  **eMRC dyspnoea score 4**                 1
  **eMRC dyspnoea score 5a**                2
  **eMRC dyspnoea score 5b**                3
  **Age** ⩾**80** **years**                 1
  **Left ventricular failure**              1
  **Right ventricular failure**             1
  **Maximum PEARL score**                   9

Readmission in the context of treatment and processes of care {#s4}
=============================================================

Antibiotics {#s4a}
-----------

An observational study showed that patients treated with antibiotics in the first 2 days of hospital admission had lower rates of readmission for acute exacerbations \[[@C75]\]. Although the readmission rate for *Clostridium difficile* infections was higher in the treated group, this was only a slight increase in percentage (0.19% *versus* 0.09%) \[[@C75]\]. Similarly, the addition of antibiotics to patients on systemic corticosteroids for AECOPD was associated with a 13% reduction in the risk of 30-day readmission in addition to a 40% reduction in the risk of in-hospital mortality \[[@C76]\].

As a promising secondary prevention strategy, azithromycin initiated at the onset of severe AECOPD and continued for 3 months was demonstrated to be well tolerated and may potentially prevent relapse and therefore reduce readmissions \[[@C77]\]. Additionally, azithromycin may reduce viral load by upregulating IFN levels, supporting its potential role as a prophylactic and therapeutic agent in combating viral infections \[[@C78]\]. In an era of rising antibiotic resistance among common respiratory pathogens, there is increasing emphasis on accurately identifying bacteria-associated exacerbations, including the use of biomarkers such as sputum interleukin-1β \[[@C79]\].

Systemic corticosteroids {#s4b}
------------------------

Systemic corticosteroids used to treat AECOPD reduced relapse in addition to improving lung function and decreasing inpatient length of stay \[[@C80]\]. Overall, there was no additional benefit with regard to treatment failure of parenteral compared to oral administration of corticosteroid \[[@C80]\]. In addition, there was no difference in outcomes for relapse and re-exacerbation time between shorter (≤7 days) and longer (\>7 days) treatment regimens following AECOPD admission \[[@C81]\]. A 5-day course of 40 mg prednisone was likely to be sufficient, since this shorter duration of treatment was noninferior compared to a 14-day course with regard to re-exacerbation rate within 6 months of follow-up \[[@C82]\]. Peripheral blood eosinophil may be used as a biomarker-directed strategy in stratifying the use of oral corticosteroids during AECOPD, as patients with eosinophilia showed faster recovery with prednisolone while higher treatment failures were observed in the control group \[[@C83]\].

Inhaled therapy {#s4c}
---------------

Inhaled corticosteroids (ICS; long-acting bronchodilators) and long-acting β-agonists (LABA) remain the backbone treatment of stable COPD. Patients who received ICS after hospitalisation had 24% fewer readmissions at 1-year follow-up \[[@C84]\]. The lower risk of readmissions observed is not surprising given the reduction of moderate and severe COPD exacerbations observed with the use of ICS \[[@C85]\]. The combination of ICS and LABA resulted in a greater reduction in risk of readmissions (41%) when compared to either ICS or LABA alone \[[@C86]\]. Although the benefits of ICS are evident, the risk of pneumonia as an adverse event was significantly higher in this group and treatment should only be considered in selected patients \[[@C85]\].

Treatment adherence {#s4d}
-------------------

Patients on maintenance COPD treatment prior to hospitalisation were 51% less likely to have an all-cause readmission \[[@C87]\]. Adherence to inhaled COPD treatment was associated with fewer hospital admissions in patients with moderate-to-severe COPD \[[@C88]\]. Improved adherence to inhalers by utilising a targeted pharmacy programme ensuring patients are discharged with their inpatient inhalers showed a reduction in 30-day and 60-day readmissions \[[@C89]\]. Understandably, adherence was related to the dosing frequency of prescribed inhalers with once-daily dosing having the highest adherence levels \[[@C90]\]. Establishing patients on the appropriate treatment regimen for their chronic disease and maximising adherence appears to be vital in reducing readmissions.

Processes of care {#s4e}
-----------------

COPD admission prior to diagnosis in primary care was related to higher risk of both first AECOPD admission and readmission, suggesting that earlier diagnosis in primary care and early management of disease may reduce the risk of COPD admission and readmissions \[[@C36]\].

Higher rates of readmissions were related to lower patient experience measures in all domains including communication and discharge information \[[@C91]\], indicating that information provision has a positive impact. Patient education may increase self-awareness and empower patients to make informed choices about their health and improve compliance with treatment resulting in better control of symptoms and disease burden.

One study reported that short inpatient episodes shortened the interval to readmission with 1 week\'s duration of inpatient treatment resulting in the longest interval \[[@C92]\]. However, the interval to readmission became shorter when the duration of inpatient treatment extended beyond 7 days, possibly reflecting underlying disease severity, the impact of comorbidities and need for social care intervention \[[@C92]\].

Specific interventions for COPD {#s5}
===============================

Pulmonary rehabilitation {#s5a}
------------------------

Self-reported engagement in any level of moderate-to-vigorous physical activity in COPD patients was associated with lower 30-day readmission risk \[[@C93]\]. Neuromuscular electrical simulation to counteract physical inactivity and improve functional exercise capacity by enhancing peripheral muscle function and improving breathlessness \[[@C94], [@C95]\] seems promising. This approach, which involves passive training of specific locomotor muscle groups may be particularly useful in the patients who are most unwell with incapacitating symptom burden.

Pulmonary rehabilitation, a key intervention in the management of COPD is defined as a comprehensive intervention based on a thorough patient assessment followed by patient-tailored therapies that include, but are not limited to, exercise training, education and behaviour change \[[@C96]\].

A Cochrane review showed that pulmonary rehabilitation following COPD exacerbation was associated with a significant reduction in the risk of hospital readmissions observed over a 3--18-month period \[[@C97]\]. However, early rehabilitation intervention initiated within 48 h of acute admission for AECOPD did not reduce the risk of readmissions nor improve physical function \[[@C98]\]. Early inpatient rehabilitation may impact on health behaviour given the lower uptake of outpatient pulmonary rehabilitation in the intervention group \[[@C98]\]. These findings suggest careful consideration when delivering rehabilitation during the early phase of an illness given the lack of positive outcomes. In response to increasing demands to improve capacity and compliance, a novel online pulmonary rehabilitation programme was demonstrated to be noninferior to standard practice and may be used to overcome the barriers to accessibility often associated with the traditional face-to-face structured programme \[[@C99]\].

Nutritional supplementation {#s5b}
---------------------------

The Cochrane review by F[erreira]{.smallcaps} *et al*. \[[@C100]\] suggested that nutritional support significantly improved weight gain and should be considered as part of the holistic management of malnourished patients with COPD. The use of oral nutritional supplementation in patients hospitalised for AECOPD was associated with reduced 30-day readmission rates, possibly by reversing the disturbed energy balance in the acute phase of the illness \[[@C101]\]. Improved inspiratory muscle strength and physical activity was demonstrated when specific nutritional supplementation was combined with exercise training in COPD patients \[[@C102]\]. The cost-effectiveness of nutritional intervention and its role in specific metabolic phenotypes needs to be further explored in future trials.

Domiciliary NIV and oxygen therapy {#s5c}
----------------------------------

The Home Oxygen Therapy Home Mechanical Ventilation (HOT-HMV) trial investigated the effect of adding home NIV to home oxygen in patients with persistent hypercapnia following AECOPD requiring NIV in hospital \[[@C103]\]. Patients were recruited if they had persistently raised arterial carbon dioxide tension ⩾2 weeks after resolution of AHRF \[[@C103]\]. The addition of NIV to home oxygen resulted in a 17% absolute risk reduction in readmissions, prolonged time to readmission and death within 12 months \[[@C103]\]. The median admission-free survival time was 4.3 months in the treatment arm compared to 1.4 months for those in the control group \[[@C103]\]. The development of novel automated devices for optimal maintenance of target oxygen saturation measured by pulse oximetry and oxygen weaning may minimise the risk of hypercapnia and AHRF associated with inadequate titration and regulation of oxygen therapy \[[@C104], [@C105]\].

Despite inadequate clinical evidence, short-burst oxygen therapy (SBOT) is still incorrectly and widely advocated for COPD patients with dyspnoea \[[@C106], [@C107]\]. The use of SBOT following AECOPD admission did not improve symptom control, readmission rates or time to readmission \[[@C106]\]. Long-term oxygen therapy (LTOT) is proven to improve survival in patients with severe hypoxaemia; however, its role in preventing readmissions is less clear \[[@C108]--[@C111]\].

Palliative care {#s5d}
---------------

The management of physical and psychosocial burden in COPD can often be challenging, implicated by unpredictable disease trajectories, difficult prognostication and the underutilisation of palliative care services \[[@C112]\]. Community-based palliative care provision in COPD was associated with lower 30-day readmission rates \[[@C113]\], while no benefit was observed in another study involving care delivered by hospital-based specialised palliative care teams \[[@C114]\]. Early integration of palliative care into COPD care models endorsing modern multidisciplinary approaches appears to be essential, but barriers to accessible, open and effective palliative care conversations between patients and healthcare professionals need to be addressed beforehand \[[@C115]\].

Clinical service strategies and care bundles {#s6}
============================================

Self-management plans {#s6a}
---------------------

Self-management empowers patients to modify behaviour, acquire knowledge about disease management and develop practical skills \[[@C116]\]. Self-management interventions in COPD may vary widely in content and delivery methods \[[@C117]\].

A health coaching intervention which centred on self-management abilities supported by healthcare professionals reduced rehospitalisation at 1, 3 and 6 months compared to standard care appears to be feasible and replicable to address short-term readmissions \[[@C118]\]. Similarly, other self-management interventions can significantly impact on rates of hospital admission and healthcare utilisation \[[@C119], [@C120]\]. In contrast, although perceived health status was improved, patients who received education on self-management of COPD were readmitted sooner than those receiving standard care \[[@C121]\]. In another study, higher readmission rates were observed following the implementation of a 3-month programme which focused on transitional care and self-management support \[[@C122]\]. Increased awareness and vigilance about early recognition of exacerbation symptoms and poor primary care accessibility may have been implicated in the increased use of acute care services \[[@C121], [@C122]\].

Further evidence is required to derive recommendations on form and contents of self-management programmes in COPD owing to the lack of uniformity in interventions, patient population and outcome measures \[[@C117]\]. Furthermore, self-management in COPD usually requires significant engagement in a range of activities, which can be challenging for patients \[[@C123]\]. Furthermore, the ability to self-manage may be impacted by a wide range of physical, psychological and social influences \[[@C123]\].

COPD care plans and discharge bundles {#s6b}
-------------------------------------

COPD discharge bundles consist of evidence-based practices to optimise patient outcomes following hospital discharge for AECOPD. A meta-analysis showed that discharge care bundles for patients with COPD can result in significantly reduced hospital readmissions \[[@C124]\]. However, COPD discharge care bundles may vary in their individual components and elements. The British Thoracic Society includes five high-impact actions in their discharge care bundle ([table 4](#TB4){ref-type="table"}).

###### 

Components of the British Thoracic Society (BTS) COPD discharge care bundle \[125\]

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Review patient\'s medications and demonstrate use of inhalersProvide written self-management plan and emergency drug packAssess and offer referral for smoking cessationAssess for suitability of pulmonary rehabilitationArrange follow-up call within 72 h of discharge
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

A comprehensive care designed focusing on appropriate diagnostic testing, management of comorbid conditions, palliative care discussions and outpatient follow-up arrangements demonstrated 16% reduction in all-cause 30-day readmission, reduced 30-day mortality rate and significant improvement of AECOPD-specific readmissions at 90 days \[[@C126]\]. In contrast, readmission rates were unchanged following the implementation of COPD care bundles in a multisite study, although a reduction in subsequent emergency department attendances was observed \[[@C127]\]. Inconsistent care delivery processes and low intervention uptake reflect "real world" challenges for effective implementation of multifaceted care bundles \[[@C127]\].

The identification of local system-level failures and unmet patient needs including deficient inhaler regimen at discharge and suboptimal follow-up led to the delivery of a COPD care bundle consisting of appropriate inhaler regimen, 30-day inhaler supply, personalised inhaler education, standardised discharge instructions and follow-up within 15 days \[[@C128]\]. Implementation of this improvement strategy successfully reduced COPD all-cause 30-day readmissions from 22.7% to 14.7% \[[@C128]\]. Care delivery failures and unmet patient needs are modifiable risks for readmissions which will vary in each healthcare setting and should be assessed when designing COPD care bundles.

Hospital at home {#s6c}
----------------

Hospital at home schemes allow patients with COPD exacerbations which would normally require inpatient care to be managed at home by healthcare professionals with the aim of reducing the burden of hospital admission. A study investigating home hospitalisation in Barcelona demonstrated not only lower rates of short-term relapses requiring emergency admissions, but also greater patient satisfaction and quality of life, and lower average overall healthcare cost per patient compared to conventional care in hospital \[[@C129]\]. A Cochrane review by J[eppesen]{.smallcaps} *et al.* \[[@C130]\] showed that inpatient readmission rates were significantly lower in favour of hospital at home schemes.

Conclusion {#s7}
==========

The high and rising COPD readmissions rate worldwide remains a conundrum for healthcare professionals and service providers with important implications for patients. Patients with multiple comorbidities, prior hospital admission, higher frailty indices, poor nutritional and low socioeconomic status appear to be at the highest risk of readmission. Patients are readmitted for various medical problems other than COPD exacerbation including pneumonia and cardiac failure, highlighting the need of careful management and follow-up of multimorbidity.

COPD is a heterogeneous disease and biomarkers are needed to accurately detect disease activity, identify disease phenotypes and guide clinical care and prognosis. The complex relationship between airway inflammation, the innate immune system, micro-organisms and the environment play a key role in COPD exacerbations and further understanding of biological mechanisms that commence and sustain exacerbations is required to improve the precision of biomarkers. Socioeconomic factors may be more challenging to address and will benefit from early stratification and management.

Quantifying the risk of re-exacerbation on an individual patient basis allows clinicians and services to target therapy and healthcare resources to the greatest need. Tools do exist and the PEARL score is a simple and effective prognostic aid that can be used easily to stratify the risk of readmission in the COPD population. Future predictive scores will also need to address the multifactorial and comorbid nature of readmissions.

Readmission occurs due to both a heightened risk of re-exacerbation and a loss of function and resilience driven by an index event. Future strategies to prevent readmission will need to focus on addressing risk factors including comorbidities and frailty, supporting patient education and maximising treatment compliance. Studies suggest shorter courses of antibiotics and corticosteroids are sufficient in the event of acute exacerbation, which may also improve treatment adherence, while biomarker driven approaches to prescription may limit side-effects and the threat of antimicrobial resistance. Post-discharge interventions such as pulmonary rehabilitation programmes, as well as domiciliary NIV for patients with persistent hypercapnia have been shown to improve the rates of COPD readmission and should be offered to patients at risk.

Monitoring individual patients and intervening early has been shown to reduce hospitalisations, promote faster recovery and improve health-related quality of life. Supporting patient self-management may be used as a key intervention as this will empower patients to better manage their disease more independently and help mitigate the strain on secondary care.

The use of multifaceted care bundles can help ensure that standards and quality of care are maintained by ensuring that all available evidence-based interventions are in place and by overcoming inconsistencies in clinical decision-making. However, there is lack of consensus on which individual components are most effective and implementation of care bundles needs to consider the generalisability of interventions owing to the diversity in target populations and accessible resources. In order to address the clinical challenge of COPD readmissions, new research is needed, and better treatment regimens are required that address the underlying disease mechanisms which drive exacerbation, admission and readmission. While this is awaited, the application of optimal standards of care, including effective, personalised interventions is a must for all healthcare providers and clinicians caring for patients with COPD.
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